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A New 120 KC Industrial Counter for Measuring 
RPM, Velocity, Quantity, Flow, Etc 



FREQUENCY counters are being used 
more and more for making the precision 
measurements important in industrial work. 
Such measurements include the rpm of all 
sorts of rotating devices, measurements of 
velocit)% length, pressure, etc* 

A compact new frequenc>^ counter has 
been developed especially for such industrial 
applications. This new instrument counts 
frequencies or electrical events up to a maxi- 
mum rate of 120,000 per second. It is thus 
capable of counting the rpm of even the fast- 
est rotating devices. It is provided with a dis- 
play capacity of 9,999 counts and with sam- 
pling times of 1 10 or 1 second which are 
selectable by the operator. A panel switch 
further adds to the flexibility of the instru- 
ment by enabling the operator to start and 
stop a measurement manually in place t>f the 




Fig. 1. Setr -f?p- Model 521 A Induatrial Eletrtronk Conn* 
fer measures freq id fancies up lo 120,000 cycles per secf^ud, 
tnterfmi iitne haie iy^lem can he operated from power 
line freqiteftcy, from opiio»^I precision t/sciU^tor. or fr&m 
exiiiing staftdard iretiuetnies. 



fixed sampling times. In addition, a panel 
jack is provided to permit the sampling time 
to be controlled by an external switch or 
relay* 

The new counter makes two types of meas- 
urements. First it will count externally-ap- 
plied electrical events for an interval of 
1 10 or I second as desired. The quantity it 
displays is thus equal to events per tenth sec- 
ond or per second. Second, if the manual 
start-stop (gate) switch is used, the counter 
will totalize indefinitely as determined by 
the switch instead of for a fixed interval. Or, 
if the panel jack is used with suitable exter- 
nal contacts, the counter can be used, for ex- 
ample, to count the number of drum revolu- 
tions for a given rise in brake temperature 
under various load conditions, or for many 
other applications ^^here rotation as a func- 
tion of some dependent quantity^ is desired. 
CIRCOIT 

The basic arrangement of the counter is 
shown in Fig. 2. The frequency to be meas- 
ured is applied to a gate circuit whose open- 
ing and closing is controlled either by an in- 
ternal time base circuit or externally- When 
the gate is open, the signal passes through 
and drives a series of four decade counters 
which totalize the number of cycles applied 
to them* A display time circuit enables the 
operator to adjust the time that the count is 
displayed after the measurement is made 
from 1 10 to 15 seconds before the counter 
automatically makes the next measurement. 
Display time can also be held indefinitely if 
desired. 

If it is desired to operate the opening and 
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closing of the gate manually or ex- 
ternal !>% a switch disconnects the 
time base and connects the gate to 
a panel switch and jack. The jack 
can be connected to a relay or other 
set of contacts. To open the gate 
from such an external connection, it 
is only necessary that the relay or 
contacts short the connections from 
the panel jack. 

riME BASE SOURCES 

The time base circuit is arranged 
to derive its accuracy from one of 
three sources. First, the power line 
frequency (either 50- or 60-cps) can 
be used. Second, a crystal-controlled 
oscillator assembly is available as an 
accessory to plug in an othenn'ise 
vacant socket in the counter. Third, 
an external accurate frequency 
which IS a multiple of 10 cps in the 
range from 10 to 100 cps can be used. 

When the time base is derived 
from the power line frequency* the 
accuracy of the instrument wilt var>- 
directly with the accurac}- of the 
power frequency'. The matter of 
power line accuracy has been inves- 
tigated in most parts of the country 
as part of the development of the 
counter and in general found to be 
accurate within 0.19r. This accurac\' 
is sufficient for many measurements. 
Some power systems have been 



found at times to be 
inaccurate by as much 

as 3%> however, and 
in such locations one 
of ihe other tw^o ar- 
rangements will most 
likely be preferred. 

If an external fre- 
quency which is a mul- 
tiple of 10 cps is to be 
used to operate the 
time base system, ap- 
proximately 5 volts 
are required across the 
0.5-megohm imped- 
ance of the terminal 
provided for connect- 
ing to the external fre- 
qyenc)^ The accurac)' 
of the counter when 
operated from an external frequency 
is equal to the accuracy of the exter- 
nal frequenc}^ ±1 count. 

The plug-in oscillator operates at 
lOO kc and is crystal-controlled. Us* 
ing this oscillator wall g\\^ the coun- 
ter an accuracy of at least 0.019^ ±1 
count. Actually, the crystal accurac>' 
is rated by the crystal manufacturer 
as being within ±0,01% over a tem- 
perature range of from —20 C to 
+70 C. The oscillator is set at the 
factory to an accuracy* of within ap- 
proximately 0.00 19f at an ambient 
temperature of approximately 25 C 
It is thus apparent that considerably 
better than rated accuracy will usu- 
ally be obtained. 

MULTiPLi OPERATION 

When a counter is equip* 
p<;d with the plug-in oscil- 
lator, a frequency of 100 
cps is available at a rear ter- 
minal of the counter. This 
frequency has the same 
O.Ol'^f-accurac}' as the plug- 
in oscillator and can be used 
CO supply the time base fre- 
quency' for other counters 
which may be of>era ted in 
the same general location. 
One plug-in oscillator can 
thus be used to supply the 
time base for up to 10 of the 
counters. 




Fig. 3. Counter s i/iipLty iyiiem presents 

measured j requeue y in ilhtminaied 

Humerais* 

FOUR-PIACE DISI>LAY 

At first glance a display capacity 
of four places (9,999 coimts) might 
seem inadequate for a counter which 
can count at rates up to six places 
{ 1 20,000) per second. By making use 
of the 0.1 second and 1 second gates, 
however, readings can be made to 
the full speed of the counter. The 
four-place counter is thus a means of 
enabling six-place measurements to 
be made where desired while main- 
taining the economy of size and cir- 
cuitry desirable for a measuring in- 
strument of this type. 

To see how the four-place system 
can be used to make six- place meas- 
urements, assume that a measure- 
ment is being made of a 99,992 cps 




Fig. 4. Optif>tiiil irysiai-ioniroiied osciHalor plugs 

in tiiheruise tacant srwket. Up to 10 counters ian 

he operated from one st^ch oscillator to ohtmn 

OMI*^ acfttracy for each. 
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Fig, 5- DUgram mafic represtniation nj -hp- VHiA OptkaJ 
Tmhameter Pkkup med aith crjttrifer Iff memttre shaft speed. 
Speeds tip to iOO.iHH) rpni tan he meiiiureil with this sci-up. 
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Fig, 7. Dittgramm^h repr^§ti$iaiioft of -hp- Moifel WH Tach^ 

o meter Generaior nsed with counter to measure shaft speed* 

Shaft speeds up to 40. WO rpm tatt he measured. 



rate. If the measurement is firsE made 
using che 0.1 -second gate time, the 
measured value wil! be 9*999 events 
per 0,1 second or 99,990 events per 
second. The fifth place in this ex- 
ample is obscure since it is obtained 
by ten*fold multiplication of a four- 
place measurement. If now a meas- 
urement is made using a 1 -second 
gate time, the fifth place will be 
known since the counters will give a 
reading of 9,992, In this case, the ten- 
thousands read ing will be off scale to 
the left on the display system, but 
that is of no consequence since the 
ten-thousands value is already 
known. 

This system can be extended to 
the measurement of a six-place 120,- 
000 cps rate by observing in the 0,1 
second measurement whether the 
left-hand (thousands) counter goes 
"o%'er the top/* That is, if the left- 
hand counter unit illuminates all of 
its numbers from through 9 in its 




Fifr 6, 'hp- Model f06A Optical Pickup, 



column and then re-iHuminates one 
of its tower numbers, a ten- thou- 
sands unit should be added to the 
displayed count, A rate of 120,000 
cps would thus be measured on a 0,1- 
second gate time as 2,000 cps per 0, 1 
second, but because the left-hand 
counter unit started to repeat, a 
quantit)^ of 10,000 would be added 
to the measurement, A total of 1 2,000 
cps per 0. 1 second is thus obtained* 
Any ambiguirj' in the sixth place is 
removed by then making a 1 -second 
mensurement as before. 

ACCeSSORV PROVISIONS 

Since the counter by itself counts 
electrical frequencies, it is necessary 
CO convert to an electrical frequency 
the mechanical frequency, such as a 
shaft revolution, to be measured. 
This conversion can be effected by a 
suitable transducer* The counter 
simplifies this conversion by provid- 
ing power for external use at two 
sets of terminals. One of these sup- 
plies is designed to operate the -bp- 
Model 5 06 A Optical Tachometer 
Pickup which detects mechanical ro- 
tation through light reflection. The 
second supply is designed for gen- 
eral purpose usage and provides 
-^300 volts d-c ac 10 ma, -150 volts 
d-c at 5 ma, and 6.5 volts a-c at 0.6 
ampere, 

RPM ME/VSURIMENT5 

Fig, 5 shows a diagrammatic repre- 
sentation of the counter operating 
with the 506A optical pickup. 



The head consists of a light source 
and a photocell. When a rotating 
part has been previously prepared so 
that one- half of its surface is coated 
with a low- re fleet ing film, the 
photocell will detect the variations 
in intensity in light reflecied to the 
photocell. The resulting voltage 
variations are passed to the counter 
for counting. This arrangement will 
permit very high rpm's to be meas- 
ured and in addition will permit 
their measurement without mechan- 
ical loading. In the case of low-en- 
ergy mechanical systems, this is an 
important advantage. 

Other devices which can be used 
for rpm measurements are the 'hp- 
Models 508 A and 308B Tachometer 
Generators, These small generators 
are designed to be mechanically cou- 
pled to a rotating shaft. The 5 08 A 
provides 60 cycles of output for each 
revolution of its shaft. The value 
presented on the counter when a 
one-second gate is used is thus di- 
rectly readable in rpm. The 50SB 
provides 100 cycles of output for 
each revolution of its shaft, giving a 
reading on the counter which is in 
hundreds of revolutions per second. 
Using a 1 second gate, readings can 
thus be made to a hundredth of a 
revolution per ^coad, 

OTHER MEASUREMENTS 

Transducers are also commercially 
available which have frequency- out- 
puts proportional to pressure, flow. 
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Fig. 8. -/»/?- Model 508 Titchomefer 
Cwenerntor. 

etc. In many cases these can be used 
with the counter to make readings 

of these quaniities. 



OINIRAL 

In the electrical and mechanical 
execution of the new counter's de- 
sign, the full range of -hp^s wide 
experience in the frequency counter 
field has been drawn on. The counter 
is furnished, for example, with the 
'hp- decade counter units* which 
are tested to a minimum 1 25 kc rate, 
which are constructed using reliable 
etched circuit techniques, and which 
have higher readability. These dec- 
ade units also produce an output 
staircase voltage which can be used 



with coincidence circuits to operate 
external recorders. 

The counter is fan-cooled with air 
filtered by a renew^able type filter. 
The chassis fits into the cabinet on a 
nylon bearing and channel arrange* 
ment which both acts as a guide and 
minimizes the mechanical effort 
needed to remove or replace the 
chassis, A collapsible bail on the cab- 
inet permits tilting of the instru- 
ment for easy viewing of the front 
pane I . -Frank Kaiiuk 

•M.ir\'in WiUfuJt+ "Ni-w PIuk-'ji llccade Coun- 
Jtmrn^l, Vtil. 6, No. fi, FehfUdr}-. 1951. 



MO[>£L S21A INDUSTRIAL 
EL£CT«ONIC COUNTER 

RAHGiv 1 cp^ to )20 kc. 

ACCt/RACVr r. 1 couni -*■ a«ufQty of Timing 
frcqu^rtcy, (Approximately -^O.T°:b when 
powsr lEne uied, i.O.Ol% with ci'y&tal 
si □ nd □ rd i nsl a I ted . ) 

jeEG'ST^AT/ON^ 4 placed. Tola I tcunt ea> 
pticlty 9,999 

if^PUT J7EOU/flfMfN7Sr 0.2 v rms mm i mum 
or output from 1P41 Phototybe {or eaual]. 
Phototube bivs provided ot " PHOTO- 
TUBE'^ jack. 

iUPUl AtTf WUATOR: Adiusts MnsIHvity from 
0-2 V lo TOO 'vr rms fo overcome noise, 

/NPLPT fMPf DANCE: Approjtimotoly 1 ML', 50 
^Axf thunt (500 Ki; on "PHOTOTUBE" 
jcKk}. 



SPECIfiCATIONS 

GATE liNilt 110 ond 1 iecond. Panel neon 

l^mp JndicciT^i ihot ^ar^ t& open, 
MANUAL GATf: Controlled by "Open- 

Cleied'" swptch or ejfternol contocH. 
DJSPlAr T/ME: Vanc3bl£» frem 1 10 to 15 tec 

andsj or disploy ton be* held Indfrfmitely. 
READS /N; Cpa or diretrljc in rpt or rpm with 

-hp- 506 A or 50SA. B Tachomeref Acces- 

■kories. 
SELf-CHfC^; Counts 60 cps line frequency 

for 10 kc wiih opiionol ptgg-in oki Motor) 

for ony^ ^ele-cted gate time. 
fXre^NAi STA^f&AffO: Con be operoted from 
any rriyltlpk of to cp*, 10 cos to 1 00 cpv, 
f'HOlOJUM INPUT: Supply voJtoge for 1P41 

(or equal] phototube provided ot phone 

jork on r^or, 
ACCESSORy SOCKET; Ai reor; suppHes 6.3 v 

oc. 0,6 o; - aOO V dc, 10 moj -150 v dc. 

5 mo, 
CONNfCTORS BNC and std. pkone JDcks, 
POWER SU?Hf il5 V rlO%. SO. 60 cpv 

170 wptis. 



SME: Cobinet Mounh 9^4" wide, 13^ a" high, 
13^a"' deep. 

W0;GHT, Cobinet Mount: 28 lbs. net; thip- 
pin^ wefghi 57 Ibi, 

ACCfSSOff^ES PffOVmED: 1 each hp^ AC- 
16D Cobte As&emblv, 44^^ PG-SBU coble 
lermlrhoted on^ end witb UG'Sfi/t/ Type 
BNC tonnectof. 

ACCESSORIES AVAfUBtf. hp^ Modet 506A 
OpHcof Tochom^ier Pickup, S100.00. -hp- 
lAod^l 50SA,'S Tochomeler Generotor, 
S1 00.00. hp^ 52lA'if& Crystol Conrroded 
Tinie Ses« (plug-m unit). Si 00.00. 

PIflCE. -hp- Model 521 A Induatriol Electronic 
Counter, Cohinet Mouni, $475.00. -hp- 
Mcdel 521 A Induitrlal ESeclro^lc Ceunter^ 
Cobinei Mount, wlih -lip- 521 A 5^8 Crys 
tal Controlled Time Bose, $575:00. For 
rock mount models odd S5.00 to theie 
price*. 

All prices f.Otta, Polo Alto, Coltfornio 
Doto subject to change withoirt motlee. 



SUMMARY OF -ftp- ELECTRONIC COUNTERS 

The hp- family of counters provides for making meojc/re- fervo/s os shoii os J wkrosecond or 
ments in an extremety wide range of app/icoHons; -fip- can he measured, 
cotjnfmg equipmenf rs avaifahh for measuring frequencies The foilowing fabh presents fhe 

OS iow OS 10~^ cps Of OS high as 1 2,000 megacycles. Time ta- of fhe various -hp- counters. 



as long os 10^ secoryds 
tead'mg choracierlstics 



-hp- 

MODEL NUMBER 


FREQUENCY 
RANGt 


FREQUENCY 
ACCURACY 


MEASURING RANGE 


''JOURNAL" 
iSSUE 


521A 


1 ^ - 120KC 


0,01% Of 
power fine 




This issue 


522B 


10^ - TOOKC 


5 PPM ±\ count 
above 10 eps 


10/^secOO^secs 


Sept.-Oct. 1953 


524B 


0--- 10 MC 


1 PPM ± 1 count 

above 10 cps 




Man-April, 1954 


524B T 525A 


0^-100MG 


} PPM :t] count 
above 1 cps 


Mar.-April, 1954 


524B - 525S 


0^ - TOMCand 
lOOMC -220MC 


T PPM =^1 count 
above 10 cps 




Mor-ApriL 1954 


524B + 5UB 


O-^-TOMC 1 


1 /isec-ID^secs 


Mar.-AprfL 1954 


524B - 525B + 540A 


0^ - 12,000 MC 


Appro jc. 1 PPhA rbl 
count obovelOeps 




To be described 
in early Issue 


TRANSDUCERS 

506A 


300^300,000 RPM 






50SA/B 


15-40.000 RPM 


' Nov.'Dec, 1953 
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